The spawning ground of chum salmon (Oncorhynchus keta) is usually 31 located farther downriver than that of masu salmon (O. masou) in Hokkaido, Japan. To 32 compare the swimming abilities of these two species, the relationship between 33 swimming speed and oxygen consumption was compared using a swim tunnel in the 34 laboratory. Then, the upstream-migration behaviors of chum and masu salmon were 35 compared using electromyogram (EMG) telemetry at fish passages in the Toyohira 36 River, Hokkaido. In the laboratory study, the standard metabolic rate of masu salmon 37 was lower and the critical swimming speed (Ucrit) was faster than those of chum salmon. 38 In the field study, the holding time needed to recover the swimming performance 39 exceeding Ucrit at the fish passages, and the trial number needed to pass the fish 40 passages were significantly lower for masu salmon than chum salmon. These results 41 revealed that masu salmon are more adaptable to extended swimming in 42 high-water-velocity conditions than chum salmon and that masu salmon are better 43 equipped for a long distance upstream to their spawning ground than chum salmon. 44 45 Keywords: swimming ability; upstream-migration behavior; standard metabolic rate; 46 critical swimming speed; fish passage; chum salmon; masu salmon.
4
Introduction throughout the trial at 1-min intervals using a multi-water-quality sensor probe (U-50; were introduced, air bubbles were removed from the swim tunnel. Prior to each Ucrit 140 trial, oxygen levels in the tunnel were reset by pumping fresh river water into the tunnel. 141 The MO2 per 15-min period for each fish was calculated by subtracting the quantity of 142 oxygen at the end from the starting value. The MO2 rate (mg O2 kg-1 h-1) for individual 143 fish during a velocity increment was calculated as:
where the rate of oxygen concentration [O2] is measured in mg O2 per l -1 h -1 ; v is the 146 water volume of the swim chamber (l); and m is the body mass of the fish (kg). MO2 147 was then standardized to a value corrected for a fish of 1 kg (MO2cor), using the 148 following allometric relationship derived by Schurmann and Steffensen (1997) : where MO2meas is the MO2 measured during the trial; w is the mass of the fish; and wcor 151 is the standard body mass of 1 kg. A is the condition factor [weight (g) / 152 length 3 (cm)•100], calculated using the mean fork length and bodyweight for each 2) Upstream migration behavior in the field 174 Study area 175 The Toyohira River in Hokkaido, Japan, which flows through the city of Sapporo, 176 is a rare rapid-flow urban river and an important spawning ground for chum and masu 177 salmon. Six cross-river constructions (#1, #3-8), called groundsills, were constructed to 178 prevent the lowering of the riverbed, and fish passages were built at each groundsill (Fig. 179 1B). A protection bed was also constructed at the groundsill #5, and a fish passage was In the Toyohira River, adult chum and masu salmon migrate upstream from 189 September to October. All chum and masu salmon used in this study were captured 190 using a net 11.5-16.5 km from the mouth of the Toyohira River and transferred to outdoor tanks at the Chitose Salmon Aquarium for calibration of the EMG signals to 192 swimming speeds. In 2010, 3 males (fork length, 56.4-74.1 cm; body weight 1.8-4.2 193 kg) and 3 females (fork length, 62.6-73.5 cm; body weight 2.7-3.9 kg) chum salmon, Swimming abilities in the laboratory 289 The Ucrit values for the chum and masu salmon were 1.42 BL s -1 and 1.89 BL s -1 , 290 respectively, and masu salmon were significantly faster than chum salmon (P < 0.01; 291 Fig. 3) . The chum and masu salmon SMRs were 243.6 mgO2h −1 kg −1 and 112.3 mgO2 292 h −1 kg −1 , respectively, and the masu salmon's SMR was significantly lower than that of 293 chum salmon (P < 0.01; Fig. 3 ). The chum and masu salmon AMRs were 369.0 mgO2 294 h −1 kg −1 and 391.9 mgO2 h −1 kg −1 , respectively. The chum and masu salmon AMSs were 295 174.1 mgO2 h −1 kg −1 and 272.8 mgO2 h −1 kg −1 , respectively. The differences in AMR 296 and AMS values between the 2 salmon species were not significant ( Fig. 3) .
297
During the swimming test, the rate of oxygen consumption (MO2) tended to 298 increase proportionally with swimming speed. No increases in MO2 were observed at low swimming speeds in masu salmon (Fig. 4A) . Figure 4B shows the relationship 300 between the MO2cor and swimming speed on an exponentially curve. The exponential 301 curves satisfactorily fitted the data for chum and masu salmon, and a significant 302 difference was found between chum and masu salmon (P < 0.05). The COTnet was also 303 influenced by swimming speed. It is worth noting that the lowest COTnet was found at 304 0.5 and 1.0 BL s −1 , which were considered the optimal swimming speeds in chum 305 salmon and masu salmon, respectively (Fig. 5 ). Although the COTnet of masu salmon 306 tended to be lower than for chum salmon, there was no significant difference between 318 In 2010 and 2011, EMG data for all chum and masu salmon were collected around 319 the protection bed and groundsill #5. All tagged fish migrated upstream or downstream 320 using the fish passages on the day of release, and none of the fish that entered fish 321 passages at the protection bed and groundsill #5 made downstream migrations. Table 1   322 shows the percentage of passing fish. The passage rate for both chum and masu salmon Table 2 shows the swimming speed and approach time at the fish passages of the In our study, the search time was significantly longer for masu salmon than chum 437 salmon, but the number of times over Ucrit at each fish passages were significantly lower 438 for masu salmon than chum salmon. Masu salmon could select slow and rapid (2) 38.2 ± 28.0 (4) 45.1 (2) masu 1.13 ± 6.6 (6) 1.28 ± 6.5 (6) 25.3 ± 19.2 (6) 58.9 ±37.1 (6) 2011 chum 1.14 ± 2.6 (4) 1.34 (1) 25.3 ± 16.5 (4) 16.5 (1) 
Upstream-migration behavior in the field

